The influence of the Rashba spin-orbit coupling on the two-dimensional (2D) electrons and holes in a strong perpendicular magnetic field leads to different results of the Landau quantization in different spin projections. In Landau gauge the unidimensional wave vector describing the free motion in one in-plane direction is the same for both spin projections, whereas the numbers of the Landau quantization levels are different. For electron in s-type conduction band they differ by one, as was established earlier by Rashba 1 , whereas for heavy holes in p-type valence band influenced by the 2D symmetry of the layer they differ by three. There are two lowest spin-splitted Landau levels for electrons as well as two lowest for holes. They give rise to four lowest energy levels of the 2D magnetoexcitons. It is shown that two of them are dipole-active in band-to-band quantum transitions, one is quadrupole-active and the fourth is forbidden. The optical orientation under the influence of the circularly polarized light leads to optical alignment of the magnetoexcitons with different orbital momentum projections on the direction of the external magnetic field.
INTRODUCTION
The influence of the spin-orbit coupling (SOC) on the two-dimensional (2D) Wannier-Mott excitons in double quantum well (DQW) structures, as well as the possibilities of the nonconventional electron-hole (e-h) pairing in these conditions were discussed in Ref. 2, 3 . The main results are the breaking of the spin degeneracy of the electrons and holes, the changes of the exciton structure, and new properties of the Bose-Einstein condensed excitons. There are two types of SOC. One of them described by Dresselhaus 4 is known to be intrinsically present in zinc-blende structure. The Rashba spin-orbit coupling (RSOC) 1, 5 depends on the electric field strength z E perpendicular to the layer surface.
As was mentioned in Ref. 6 , 7 the Rashba model can be described by purely group theoretical means. For electron in s-like conduction band the total angular momentum with spin-orbit interaction equals to 1 2 j = / . Both wave vectors k r and electric strength E r are polar vectors, whereas their cross product k E ⎡ ⎤ × ⎣ ⎦ r r is an axial vector. Its point product with the spin axial vector σ r gives rise to the triple scalar product k E σ ⎡ ⎤ × ⋅ ⎣ ⎦ r r r . This expression is an invariant under the action of the group symmetry elements forming identity representation 1 Γ . In the first quantization representation the wave vector k r is substituted by i − ∇ r . In the 6 Γ -type conduction band the triple scalar product is the only term of the first order on ∇ r and E r compatible with the symmetry of the band. 
has the dispersion laws 
One of them contains the loop of minima 1, 5 . The topmost valence band in our case is p-like with orbital quantum number 1 l = and with the total angular momentum equal to 3 2 j = / . The four-fold band states give rise to heavy and light holes forming in cubic crystals the irreducible representation 8 Γ in the point 0 k = .
For the LH the effective Rashba Hamiltonian has the lowest order in k r term and is the same as for the conduction electrons. For the HH the effective Rashba Hamiltonian happens to be the third order in k r and remains the first order in spin operators σ r as follows
where ( )
The electric field strength z E depends on the density of charges in the system 6, 7 . The interaction constants were evaluated in 2, 3 for different values of z E , arriving to the conclusion that at 100 200 kV z cm E = ÷ the RSOC is a dominant mechanism for the energy band spin splitting.
THE LANDAU QUANTIZATION OF 2D ELECTRONS AND HOLES IN THE PRESENCE OF RSOC
Following the papers 1-7 the full Hamiltonians describing the Landau quantization of the 2D electrons and holes in a strong perpendicular magnetic field taking into account the RSOC consist from two parts. First of them are the zero order Hamiltonians for electrons and holes in a strong perpendicular magnetic field 
correspondingly. l is the magnetic length. 
The RSOC Hamiltonians for 2D electrons and holes in a strong perpendicular magnetic field have the forms
The full Hamiltonians are ( )
The actions of the operators 
Instead of variables e y and h y we will introduce the dimensionless variables The Schrödinger equations on the base of the full Hamiltonians (10) with the solutions in the forms (11) depend on two variables x and y . But taking into account the translational symmetry in direction x and the relations (12) these equations can be transformed in Schrödinger equations depending only on one variable. 
Introducing the dimensionless energy and SOC constant α e e z e ce ce
we can transcribe the two-component equation (14) 
Acting in the same way we will obtain the one variable hole Hamiltonian
The notations 
permits to simplify essentially the two component Schrödinger equation β < .
There are four combinations of the electron and hole energies in the frame of these levels. They are represented in the Fig. 1 and are enumerated below:
eR2; 1/2llWce eR1; (1I2-2a2)11w
(1/2-16132)f1w0, In the next section the matrix elements of the Coulomb e-h interaction will be calculated.
THE COULOMB ELECTRON-HOLE INTERACTION, THE ENERGY SPECTRUM OF 2D MAGNETOEXCITONS AND THE BAND-TO-BAND QUANTUM TRANSITIONS
The exciton wave functions in the s f compositions represented on the Fig. 1 are denoted as 
The obtained values are represented on the figure 2. 
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